In order to reduce localization error of the sensor node, a novel node localization algorithm (DVHop-Steff) 
Introduction
Wireless Sensor Network (WSN) is a self-organizing network system composed of a large number of micro-sensor nodes with sensing and communication capabilities, aiming at sensing and collecting the information of object in the coverage area. In practical applications, the network monitoring without position information is meaningless, so accurate localization of the sensor nodes is the foundation of wireless sensor network applications [1] .
Since WSN has great application values, domestic and foreign experts and scholars have carried out a series of studies. The current sensor node localization algorithm consists of distance-dependent algorithm and distance-independent algorithm [2] . Distance-dependent localization algorithm is mainly composed of Received Signal Strength Indicator (RSSI), Time of Arrival (TOA), Time Difference of Arrival (TDOA) and Angle of Arrival (AOA) [3, 4] . Due to great interference caused by environmental factors, the obtained error is relatively large with and high costs. Distance-independent localization algorithm is mainly composed of centroid algorithm and DV-Hop algorithm [5, 6] . Distance-independent localization algorithm reduces its requirements over node hardware, has strong advantages in costs and power consumption, and the localization accuracy is less affected by environmental factors, so it has become a main research direction. It is relatively simple to implement DV-Hop algorithm. Unknown node localization can be achieved by only requiring a small number of anchor nodes, which has won wide concern but the accuracy is to be improved. Therefore, scholars have proposed some improved DV-Hop algorithm. For example, literature [7] introduced the RSSI strategy to the calculation of DV-Hop algorithm node distance, in order to reduce the inter-node errors and improve the localization accuracy; literature [8] introduced the medium access mechanism to DV-Hop algorithm, in order to adjust the distance error; literature [9] introduced the optimal adjustment factor to correct the distance of each anchor node; in order to reduce the calculation error of the average hop distance.
To reduce the sensor node localization errors, this paper proposed a sensor node localization method (DVHop-Steff) based on DV-Hop Steffensen error correction. This
DV-Hop Algorithm and Error Analysis

DV-Hop Localization Algorithm
DV-Hop algorithm's specific steps are as follows: (1) Anchor nodes broadcast packets to neighboring nodes, unknown nodes obtain the minimum hops of each anchor node, and then forward to the neighboring nodes of hops value plus one.
(2) After each anchor node obtaining other nodes' position information and number of hops, the distance of average per-hop can be estimated by using Equation (1).
Where, (xi,yi) and (xj,yj) are the coordinates of anchor nodes i and j, and hopsij is the minimum number of hops between i and j.
(3) The estimated distance between the unknown node and anchor node is: 
Where, (xi,yi) is the coordinate of unknown node; (x1,y2),…,(xj,yj) are the coordinates of anchor nodes recorded by the unknown node.
Given the (j-1)-th equation in Equation (3) subtracts the last equation in order, a linear expression AX=b is obtained.
DV-Hop Localization Error Analysis
Affected by many factors, there are errors for DV-Hop algorithm to measure the distance L, so the solution of unknown node coordinate's linear equation group is expressed as follows:
Where, ε is the random error vector at the n-1-th dimension. Use the least square method to get the solution of equations. However, each element of b contains Lj with errors, which seriously affect the accuracy of the least squares method [11] .
Assumed fn is the distance error between the unknown node and the anchor nodes, then 
After solving the unknown nodal coordinate, the following equation is obtained
When Equation (11) obtains the minimum value, the total error is minimized, and the solution of unknown node gets closest to the true value. At this time, the coordinate (x, y) is the optimal solution, satisfying the below equation's unknown nodal coordinate:
Through the above method, this paper successfully transforms 1.2 DV-Hop localization error problems into non-linear optimization problems, solves Equation (8) by adopting the Steffensen iteration, and improves the localization accuracy of the sensor.
Steffensen DV-Hop Localization Error Correction
Steffensen Algorithm
The nonlinear equation f(x)=0 can be transformed into equivalent equation:
Select an initial approximation x0 to build the iteration sequence:
In the equation,
Steffensen iteration method is an improved fixed point iteration method with advantages of quadratic convergence speed and calculation accuracy, and the iterated function is:
Steffensen iteration equation is:
According to the above equation, Steffensen iteration steps are:
(1) Take the initial point x0, the maximum number of iteration N and precision requirement ε, set k=0. 
Steffensen DV-Hop Localization Error Correction
To obtain the minimum value from Equation (8), the necessary condition is:
The issue of min(fitness())'s optimal solution is transformed into the issue of unknown nodal coordinate (xi,yi) when solving the minimum value of i  . Specific steps are: (1) According to the first step of Steffensen iteration Equation (12), iterate the variables xi and yi, the below equation is obtained: 
Where, xi and yi adopt the estimated location of the sensor nodes by using DV-Hop algorithm, which is used as the initial iteration.
(2) According to the second step of Equation (12), the update iteration operation is made for the unknown nodal coordinate: Copyright ⓒ 2015 SERSC 5 value of i  . (4) When the number of iteration reaches the set maximum or the iteration precision reaches the set value, stop the iteration, solve the unknown nodal coordinate getting closest to the true value, so that the localization error is minimized.
To sum up, DVHop-Steff localization process is shown in Figure 1 .
Initialize the wireless network
Store the minimum cunter information 
Simulation Test
Simulation Environment
Assumed 100 sensor nodes are randomly distributed in a 100m×100m square area, the nodal communication radius is the same, as shown in Figure 2 . To verify the validity of DVHop-Steff algorithm, this paper implements the simulation test on the Matlab 2012 platform, compares with the traditional DV-Hop algorithm and ADV-Hop algorithm proposed in literature [12] , and uses the localization performance of localization error measuring algorithm. Specific definition is as follows: 
Where, n and m respectively refer to total number of nodes and number of anchor nodes. Figure 4 . According to Figure  4 , as anchor nodes increase, more accurate localization is expected to obtain when anchor nodes are less. Therefore, compared with the comparison algorithm, DVHop-Steff algorithm has lower costs. In addition, Figure 4 shows that DVHop-Steff localization algorithm may realize more accurate localization in the smaller density of anchor nodes. 
Conclusion
To solve the existing issues of DV-Hop algorithm, this paper puts forward a sensor localization algorithm based on the integration of DV-Hop algorithm and Steffensen iteration. The paper first uses DV-Hop algorithm for rough localization of wireless sensor nodes; corrects the localization results of DV-Hop algorithm by using Steffensen iteration method, and achieves precise localization. Simulation results show that DVHop-Steff algorithm has improved the localization accuracy and has better practical values.
